The aim of this research was to identify, extract and isolate pristimerin in leaves, stems and roots of the Mexican plant Mortonia greggii (Celastraceae). The principal objective was to determine the best laboratory experimental conditions for the extraction and isolation of this powerful natural anticancer agent from the root tissue. Six experimental factors in solid-liquid pristimerin extraction were analyzed: solvent systems, number of extractions, ratio of plant weight (g)/solvent volume (mL) used, time of extraction, temperature and agitation. A mathematical model was generated for pristimerin purity and yield. Ethanol, first extraction, 0.5 ratio of plant weight/solvent volume (g/mL), 0.5 h, 200 rpm and 49.7°C were optimal conditions for the extraction of this phytochemical. The degree of purification of pristimerin root extract was studied by size-exclusion chromatography (SEC) using Sephadex LH-20 reaching fractions with purification indexes (PI) greater than 2 and recoveries of 28.3%. When fractions with purification indices higher than 1 and less than 2 were accumulated, the recovery of pristimerin increased by about 73.6%. By combining the optimum extracts and SEC purification protocols, an enriched fraction containing 245.6 mg pristimerin was obtained from 100 g of root bark, representing about 14.4%, w/w, pristimerin from the total solids presented in the fraction.
Pristimerin has been isolated from several species of the family Celastraceae, which comprises 55 genera and 850 species [4] . One interesting member of this particular family is Mortonia greggii commonly known as "afinador" in Mexico, a shrub which grows on alkaline arid lands and limestone hillsides of northern Mexico and southern United States [5] . M. greggii has been little studied. In 1981, the isolation of mortonol A was reported as a possible precursor of the sesquiterpene mortonins [6] . Another report indicated the isolation of 11 anti-inflammatory compounds (friedelan dehydrocanophyllic acid methyl ester, its free acid and lupeol derivatives) from roots by extraction with acetone and hexane [7] .
Solid-liquid extraction is a common technique for pristimerin isolation from diverse Celastraceae (Maytenus, Crossopetalum and Cheiloclinium). Different kinds of solvent systems have been employed such as chloroform, light petroleum, acetone, n-hexane: ethyl acetate (1:1, v/v), ethanol, methanol and methylene chloride [8, 9, 10] . However, the amount of pristimerin quantified was low and thus high quantities of plant tissue were required. Due to this reason, it is necessary to optimize the extraction process through the variables taking part in the solid-liquid extraction system, especially in terms of economy and pristimerin yields. For isolation, column chromatography has been performed with Sephadex and silica gels, the latter support being the most frequently used with gradient elution with n-hexane: ethyl acetate [11, 12] . Several researchers have worked with SEC (Sephadex LH-20) eluted with n-hexane:chloroform:methanol (2:1:1, v/v/v) for extracts of plants such as Crossopetalum uragoga [8] and Maytenus ilicifolia [13] . Unfortunately, these investigations failed to report final concentrations after each purification step. To our knowledge there is no scientific evidence for the optimization of pristimerin extraction, thus this research was undertaken to evaluate the optimal experimental factors for the extraction of this important antineoplastic agent. A second objective of this research was to perform isolation studies of pristimerin by SEC and relate the use of this technique with the degree of purification.
HPLC-MS analysis of M. greggii leaves, stems and roots indicated the presence of pristimerin in stems and roots, but its absence in leaves. Four ions were identified with the mass spectral characteristics of pristimerin. The m/z ion at 465.3 was the molecular ion, whereas the m/z at 487.27 and 503.24 corresponded to sodium and potassium adducts, respectively, while the fragment at m/z 201.09 was a fragment (tropyl ion) commonly found in the mass spectra of friedelane compounds [14] . These fragments are produced in relative abundance during the molecular disintegration of pristimerin. There are several Celastraceae species in which pristimerin has been found in significant amounts in leaves, such as Maytenus aquifolium [8] , although most previous research works indicated its isolation from roots. Interestingly, none of the investigations report the isolation of pristimerin from stems. According to [15] , when radio labelled mevalonolactone was administered to Salacia campestris and Maytenus aquifolium, pristimerin was biosynthesised from the precursor friedeline that was translocated to quinonemethide triterpenoids from leaves to the radicular system. However, there is no evidence related to the synthesis and accumulation of pristimerin at the cellular level. The presence of this methylenquinone in stem and root bark reveals its function as a natural insecticide [16] . The yield from the root bark based on the dry plant weight was 3.56 ± 0.73%. Preliminary studies (data not shown) indicated that the root bark contained the highest amount of pristimerin and therefore was selected as the raw material for extraction and fractionation of this compound. The pristimerin retention time was similar to that of the standard. The identification of pristimerin was confirmed by HPLC-MS analysis.
The results for extraction in test 1 indicated that for purity the interaction between the different solvent systems and number of extractions was significant (p < 0.05). The ethanol and methanol solvent systems were the most efficient in terms of pristimerin purity. As expected, the first and second sequential extracts from root barks contained the highest amounts of pristimerin ( Figure 1 ). Therefore, it is highly recommended to perform at least two sequential extractions in order to maximize the purity of pristimerin. Interestingly, the pristimerin purity decreased with the number of successive extractions.
The n-hexane: acetone (8:2, v/v), n-hexane: acetone (1:1, v/v), n-hexane: acetone (2:8, v/v), acetone and methanol systems yielded, after the first extraction, more than 1.6 mg pristimerin/g root bark.
The solvent with the lowest yield was ethanol ( Figure 2 ). This particular alcohol achieved a recovery in this static process of 64.3% of the total yield after four successive extractions. In conclusion, the alcohol extracts contained low pristimerin yields, but offered a comparatively higher purity. Therefore, the high values of dielectric constants of alcohols (24.85 and 33.6 for ethanol and methanol, respectively) compared with the constants of the other tested solvent systems (5.65 to 20.70) extracted pristimerin in moderate amounts, but contaminants were minimized (high purity). Ethanol was preferred for pristimerin extraction from root over methanol because the last one is considered more toxic by regulatory agencies and pharmaceutical industries [17] .
The analysis of variance of test 2 indicated that the plant tissue weight/solvent ratios affected significantly (p<0.05) the purity and yield of pristimerin ( Figure 3 ). The 0.05 g root bark/mL solvent ratio was the treatment that produced the best pristimerin purity and yield whereas the 0.1, 0.13 and 0.2 ratios were not significantly different from each other. The higher solvent volume used in the treatment of 0.5 g root bark/mL solvent allowed a greater mass transference of pristimerin as a result of an equilibrium process between the analyte and the solvent, while in the other treatments saturation occurred early restricting efficient extraction [18] . Modeling for purity indicated the presence of a quadratic behavior of the individual factors with the exception of agitation (equation 1). The surface response for pristimerin purity depicted in Figure  4A indicates that an extraction time of 5 h 15 min and the application of a higher extraction temperature gave the best purity when the system was agitated at 200 rpm. When agitation was fixed at 100 rpm ( Figure 4B ), we observed that at times close to 0.5 h higher purities were obtained when compared with times around 5 h. On the other hand, purity was favored when the temperature was increased and the extraction time was decreased. However, when the temperature was 35°C ( Figure 4C ) and agitation was not applied, long extraction times (10 h) were needed. If short extraction times are required or desired, then the system should be agitated. In this same graph, the minimum pristimerin purity was obtained when the extraction time was in the mid-range. Results clearly showed that pristimerin purity improved when increased agitation and temperature were applied to extracts treated for 0.5 h. The Minitab´s optimizer gave as optimal parameters for maximum pristimerin purity in root bark extract: 0.5 h, 200 rpm and 48°C. The main factors had a significant effect on the yield (equation 2), quadratic terms of time and temperature, and interaction between agitation and temperature. The response surface in Figure 4D when the extraction time was kept at 5.25 h (5 h 15 min), the higher extraction temperature with agitation produced the highest pristimerin yields. On the other hand, the lowest yield values were observed with maximum agitation (200 rpm) and low temperature (20°C). If agitation remained constant at 100 rpm, high temperatures (40-50°C) and long extraction time (10h) would maximize yields ( Figure 4E ). In Figure 4F , corresponding to a temperature of 35°C, maximum yields were obtained with extraction times higher than 5 h independently of the agitation level. According to the optimizer program, the maximum pristimerin yield was reached with an extraction time of 10 h, 200 rpm and 49.7°C.
Shorter extraction times improved purity, whereas longer times increased yields. The difference between pristimerin purity and yield as affected by extraction time suggests that this compound continued to be released from the plant tissue along with other phytochemicals associated with the root extract. The divergence between optimal extraction times for purity and yield can be compromised through the identification of combinations of factors in the response optimizer (analysis not shown). For instance, an adequate pristimerin purity (72.38 mg pristimerin/g extract) and yield (8.68 mg pristimerin/g bark) were obtained from root bark of M. greggii extracted for 0.5 h, at 200 rpm and 49.7°C.
A chromatographic column packed with Sephadex LH-20 was used to fractionate the root bark extract in order to obtain an enriched fraction of pristimerin. Thirty-eight 5 mL fractions were obtained. The elution of pristimerin had a bell shaped behavior ( Figure 5 ). Eight of the collected fractions had a purification index (PI) higher than one, meaning that these fractions were purer than the initial extract. Four of these fractions (high purities) had PIs greater than two, while the other remaining fractions had PIs between 1 and 2.
The recovery of pristimerin was calculated in fractions with about the same PI. Figure 5 depicts fractions with PIs greater than 2 that allowed the recovery of 28.3% of the total pristimerin. When fractions with PIs between 1 and 2 were also considered, the accumulated recovery was about 73.6%, 45.3% derived from this group of fractions. Sephadex LH-20 offers the advantages of higher yields and improved pristimerin purity compared with silica gel (data not shown).
Nuñez [8] and Gutiérrez [13] isolated pristimerin from either Crossopetalum uragagoga or Maytenus ilicifolia using Sephadex as the first purification step. However, these researchers failed to detail chromatographic parameters (dimensions, sample-stationary phase ratio, and elution) and degree of purification. Thus, their results cannot be compared with ones obtained in this study. To our knowledge, there are no research works dealing with the increase of pristimerin purity evaluated before and after the elution of a raw extract through a SEC column.
By combining the optimum extraction and SEC purification protocols, it was possible to obtain from 100 g of root bark 5.41 g of total solids, which contained 7.24%, w/w, of pristimerin. Further research is needed in order to evaluate other purification techniques to increase pristimerin purification from Mortonia greggii.
In summary, pristimerin was identified in stem and root bark of M. greggii through HPLC-MS analysis. The amount of pristimerin recovered from the root bark was higher than the stem bark. The optimum conditions for pristimerin extraction in root bark were with ethanol in a ratio of 0.05 g of root bark/ mL. Extraction models for pristimerin purity and yield were obtained and optimum conditions to maximize both purity and yield were 0.5 h, 200 rpm and 49.7°C. The purification of pristimerin root extract through Sephadex LH-20 generated PIs greater than 2 with recovery of 28.3%. When purity indices or PIs between 1 and 2 were considered, the achieved recovery was about 73.6%. The solvent extraction followed by SEC isolation yielded a fraction with 14.4% of pristimerin (w/w). By combining the optimum extracts and SEC purification protocols, an enriched fraction containing 245.6 mg pristimerin was obtained from 100 g of root bark coordinates 25°36'54.11'' North latitude and 100°27'48.54'' West longitude at 740 m over sea level). The plant material collected was separated manually into leaves, stems and roots. The stem and root tissues were cut into 5 cm fragments and manually decorticated. Subsequently, the stem and root barks were ground in a mill (Wiley Mill, USA) equipped with a mesh size of 1 mm.
Pristimerin identification in plant tissues by HPLC-MS: HPLC-
MS was used to identify the presence of pristimerin in 3 different tissues of Mortonia greggii: leaf and barks from stems and roots. An extract of pristimerin was obtained from 1 g of each plant tissue diluted in methanol (HPLC grade). The analysis was performed in a HPLC-MS-TOF (Agilent 1100, Santa Clara, CA) equipped with an autosampler and an electrospray ionization (ESI) source. The separation was carried out on a reverse phase Zorbax SB-C18 (2.1 mm x 30 mm x 3.5 µm) column at 35°C. The mobile phase consisted of 80% methanol and 20% 0.1% formic acid (v/v) water in isocratic mode at a flow rate of 0.6 mL/min. The optimal mass detector conditions were as follows: positive ion mode, nitrogen as the nebulizer gas at a flow rate of 4.5 L min-1, deflector voltage +54V and acquisition range 100-500 m/z at 2.0 scan s-1.
Quantification of pristimerin by HPLC-UV-VIS:
The quantification of pristimerin in extracts and fractions was made by HPLC UV-VIS (Agilent 1100, Palo Alto, CA) with the same column and chromatographic conditions used for the HPLC-MS analysis described above. The detection was made at 420 nm. A calibration curve was prepared with a pristimerin standard (Axxora, San Diego, CA) with a purity of 98%. The concentrations were 10, 20, 40, 60, 80 and 100 μM. The method was validated in order to estimate repeatability and reproducibility. Values of repeatability ranged from 2.34 to 4.49%, and for reproducibility from 0.74 to 5.76%.
Effect of the factors on solid-liquid extraction:
The amount of pristimerin in root bark was significantly higher compared with stem bark. Therefore, the bark root tissue was selected for further extraction and isolation studies. These samples corresponded to the plant collection of January 2012 as these showed a pristimerin yield higher than the counterpart collected during August 2011 (data not shown).
Six experimental factors were evaluated (solvent system, number of extractions, plant weight/solvent volume (w/v) ratio, extraction time, degree of agitation and temperature on the purity and yield of pristimerin liquid extracted from M. greggii root bark through 3 extraction tests. The response variables were defined and estimated using the equations (3) and (4). 
Pristimerin purity (P Pr ) was defined as the amount of pristimerin (m Pr (mg)) contained per g of extract (m Ext ) and pristimerin yield (Rdt Pr ) as the amount of pristimerin extracted (m Pr (mg)) per g of dried root bark included in the extraction protocol (m root bark ).
Tests for solid-liquid extraction were performed with 1 g of dried root bark. The ground root material was placed in a sealed glass vessel for extraction at room temperature. After extraction, the extract was decanted, filtered and the solvent removed by evaporation in a fume hood at room temperature. Then, the dried extracts were weighed and kept protected from light until analysis. Finally, extracts were re-suspended in HPLC grade methanol, followed by filtration through a 0.2 μm filter and 1 mL of the aliquot was used for quantification with the HPLC-UV-Vis system. After determining the optimum solvent system, the number of extractions, and tissue solvent volume ratio (w/v), a Box-Behnkel Design (test 3) was devised in order to optimize further the yield by varying the time of extraction (0.5, 5.25 and 10 h), temperature (20, 35 and 50°C) and agitation (0, 100 and 200 rpm). The design had 12 points and 3 central points with 5 replicates for each treatment based on Schmidt and Launsby [19] . These tests were conducted in an incubator (Benchtop orbital shaker, Stadyshake, USA) equipped with an orbital agitation system.
Molecular isolation of pristimerin using size-exclusion chromatography (SEC):
Root bark extract (2.45 g) was eluted through a Sephadex LH-20 (Sigma Aldrich, Mexico) chromatographic column in order to enhance the separation of the molecular components of the extract and isolate pristimerin. The ratio of extract to Sephadex was 0.2:1 (g/g). The elution system employed was n-hexane-chloroform-methanol (2:1:1 v/v/v) in an isocratic mode at a flow rate of 1mL/min. Five mL fractions were collected for subsequent evaporation of the solvents at room temperature, weighed, and re-suspended in HPLC grade methanol for HPLC-UV-Vis analysis. Then, pristimerin was calculated in terms of purity and recovery. The chromatography was made in duplicate. Purification Index (PI) was calculated by the equation (5).
PI=Pf/Po
Where PI = purity index, Pf = final achieved purity in fraction (mg pristimerin/g of fraction) and Po = initial purity in extract (mg pristimerin/g of extract) 
